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Power press arrangement. 

© 

A power press arrangement including a series of power 
presses (1 1 ) operating synchronously with intervening load- 
er (21), unloader (22) and conveyor mechanisms (23). The 
various intervening mechanisms are controlled in synchron- 
ism with the presses (11) in the press line through numerical 
control systems which are co-ordinated with press slide 
positions. For the loader and unloader mechanism (21 and 
22), for each axis thereof, a discrete number of desired 
position locations are loaded into an associated press control 
memory, and the data is processed into a derived motion 
table for each loader and unloader axis and followed to effect 
axis motion in co-ordination with press slide position. During 
operation of each press, the associated control system 
continuously derives motion control parameters for the 
H loader and unloader axes based upon the tubular values. 
Other peripheral devices such as conveyors and turnover 
mechanisms are also operated by the control systems. 
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POWER PRESS ARRANGEMENT 



This invention relates generally to power presses 
and more perticularly concerns a oontrol system syn- 

stTaTl ? reW±th -"iary mechanisms 

such as loaders, unloaders and conveyors 

In synchronized press lines there 'are intermediate 
mechanisms for transferring work pieces from one press to 
another. Such transfer mechanlsms lnclude 

loading workplaces into the working areas of the presses 
and unloaders for removing the workplaces after a press 
operation. other devices include conveyors for moving 
workplaces hetween presses and turnover mechanisms for 
reorienting a workplace after one press operation prior 
to a subsequent press operation. 

As shown in the Danly U.S. Patent No. 3,199 443 the 
d-ves ror power presses may he centrally synchronize 
and the various transfer mechanisms operated by cams 
associated with the individual presses. A difficulty 
With cam operated transfer mechanists is a long engineering 
end design lead time for development of the els Several 
mouths are required from the time at which the transfer 
mechanism cams are engineered until the cams are available 
for actual use on a ores, ,„ „j, v . , Me 

difficulty • addition, while there are 

difficulties m original cam design, the redesign of cams 
for an existing transfer mechanism drive (in order to 
change the transfer mechanism motion) is more difficult 

transf "<"* ls ^° required to retrofit cam 

transfer mechanisms onto an existing press. It is also 
difficult to utilize a cam driven transfer mechanism 
arrangement on a below-floor type of press 

Microprocessor-based controls for transfer 
mechanisms are known, as are numerically controlled drives 
&r such mechanisms. Iy plcally such c " 
fer mechanisms are programmed for transfer mechanism mo ion 
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independent of the operation of the associated press, 
although some press position information might be utilized 
such as to set limit conditions for the extreme position 
of a loader or unloader mechanism. 

It is desirable, particularly in the case of an 
automated power press line, to substantially co-ordinate 
the motion of the transfer mechanisms with the press 
operation. It is further desirable to accomplish this 
co-ordiation without the use of the above described cams, 
in order to avoid the long engineering lead times assoc- 
iated therewith. 

According to the present invention, there is 
provided a power press arrangement comprising a power 
press having a slide, a press drive for driving the slide, 
a working area, a workpiece displacing mechanism having 
a control unit and an element for moving a workpiece 
relative to the working area of the press in response to 
operation of the control unit, a first monitor for 
monitoring the position of the press drive and its 
associated slide, and a second monitor for monitoring the 
motion of the element, characterised by a memory for 
storing data correlating desired positions for the 
element with different positions of the press drive and 
its associated slide, a calculator for deriving with the 
aid of the data stored in the memory theoretical motion 
parameters for the element from press position information 
derived from the first monitor, and a comparator for com- 
paring the theoretical motion derived by the calculator 
with the motion monitored by the second monitor and 
causing the control unit to move the element in dependence 
upon the results produced by the comparator. 

According to the present invention there is 
provided a method of synchronising the operation of 
auxiliary apparatus including loaders, unloaders and 
conveyors with each of the press drives of a line of 
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successive power presses characterised by the steps of 
deriving a set of auxiliary apparatus position values for 
a cycle of a press drive, driving the press, continuously 
determining the position of the press drive, correlating 
the measured press drive positions with the derived 
auxiliary apparatus positions continuously to determine 
theoretical auxiliary apparatus positions, continuously 
monitoring the position of the auxiliary apparatus and 
displacing the auxiliary apparatus in said theoretical 
posxtxons based upon the deviation between theoretical 
and actual auxiliary apparatus position values. 

A power press arrangement embodying the invention 
wxll now be described, by way of example, with reference 
to the accompanying diagrammatic drawings in which- 

_ Figure 1 is a side elevation, partially diagram- 
matic, showing a portion of a press line with transfer 
mechanisms controlled in accordance with the present 
invention ; 

Figure la-is a. block diagram of a computer and 
servo interconnections for a transfer mechanism control 
system in accordance with the present invention- 

^ Fxgure 2 is a top view of one of the presses and 
assocxated transfer mechanisms, of Figure 1- 

Figure 3 is an end view of an unloader mechanism 
of Figure 1 taken along the line 3-3 and in the direction 
ot the arrows ; 

P1 S" re 4 " * -iew of the unloader m echani sm 

of Figure 3 taken along the lines 4-4 and In the direction 
ox the arrows ; 

Figure 5 Is a top view, partially in section, of a 
portion of the unloader m echanis m of Figure 4 taken along 
the line 5-5 and in the direetion of the arrows- 

«„«, 6 " " Vle "' P 3 "" 11 ? 1» action, of 

another portion of the unloader of Figure 1, taken along 
the line 6-6 and in the direction of the arrows- 
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Figure 7 is an illustration of a control panel for 
the transfer mechanism control system; 

Figure 8 is a simplified flow diagram of the 
operation of the computer of the control system; 

Figure 9 is an illustration of an input data table 
used by the computer ; 

Figure 10 is a simplified flow diagram of the basic 
routine for loading transfer mechanism position information 
into the computer memory; 

Figures 11 to 16 are flow diagrams of the computer 
operation for preparing for a load routine for position 
information relative to each of the six .axes of transfer 
mechanisms ; 

Figure 17 is an illustration of a motion path table 
for use by the computer. of the control system; 

Figure 18 is a flow diagram of the load routine for 
loading information into the motion path table; 

Figure 19 is a flow diagram of the dwell subroutine 
used in association with the load routine' of Figure 18; 

Figure 20 is a flow diagram similar to that of 
Figure 19 for normal motion for a segment of the motion 
path table; and 

Figure 21 is a flow diagram similar to that of 
Figure 20 for skewed motion. 

Referring initially to Figure 1, an automated press 
line 10 includes a pair of power presses 11 and 12. Each 
press is shown substantially identical to the other, 
although this is not necessary in practicing the invention. 
Similarly, although two exemplary presses 11 and 12 are 
shown, any number of presses may be. incorporated into the 
automated press line 10. 

The press 11 includes a base 13 and an upstanding 
frame 14 topped by a crown 16. A slide 17 is received for 
reciprocation in the frame 16 and carries an upper die 18. 
A lower die 19 is positioned to co-operate with the upper 
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die 18 as it reciprocates in the frame 14 to form work- 
pieces W in the operation of the press 11. The press 11 
may be a conventional over-drive or under-drive press. 
Typically such drives are eccentric drives actuated by a 
motor which, through the eccentric mechanism, effects one 
complete reciprocation of the slide 17 in one complete 
360 rotation of the motor shaft. Details of such con- 
ventional press drive systems have been omitted from the 
Figures in order to enhance the clarity of the description 
of the auxiliary equipment associated with the presses. 

Associated with the press 11 is a loader 21 for 
removing work-pieces from a conveyor 20 and for moving the 
work-pieces into the working area of the press between the 
upper and lower dies 18 and 19. Also associated with the 
press 11 is an unloader mechanism 22 which removes the 
work-pieces W after the press operation and placed them on 
a conveyor 23. Also associated with the press 11 is a 
turnover device for the workpiece 24 which is operated in 
conjunction with the output conveyor 23. 

Associated with the press 12 are a loader 21a sub- 
stantially structurally identical to the loader 21 and an 
unloader 22a substantially structurally identical to the 
unloader 22. The conveyor 23 serves as the input con- 
veyor for the press 12, and the press 12 has an associated 
output conveyor 26. As indicated previously, the press 
12 may be identical to the press 11; or it may be of a 
different type, depending upon the operation to be per- 
formed on the workpieces by the press. 

In the illustrated press line, each press controls 
two axes of movement of the loader, two axes of movement 
of the unloader, the movement of the output conveyor, and 
the rotation of the turnover mechanism along the output 
conveyor. Before considering the structure and operation 
of these auxiliary devices in greater detail, the control 



0047056 



- 6 - 

system for the devices shall be briefly described.- With 
reference to Figure la, a computer 30 produces control 
signals for each of six servo-drive amplifiers: one for 
each axis of the loader and unloader, one for the output 
conveyor, and one for the turnover mechanism. For 
example, for the press 11 a computer control signal is 
produced for each of the two loader servos, two unloader 
servos, the conveyor servo and the turnover servo. In 
the illustrated press line, the servo-drive amplifiers 
receive an analog signal which is produced by the computer 
30 through a digital to analog conversion. Each of the 
servo-drive amplifiers drives one of the servo-motors, 
which servo-motors are designated collectively 32 to 37. 

The digital computer 30 receives position infor- 
mation from a press drive position sensor 38, which con- 
stantly monitors the angular position of the press drive 
motor shaft. Based upon this position information for 
the press drive, and consequently for the press slide, 
the computer 30 derives desired position servo-signals 
for the servo-drive amplifiers. In the pres eat instance , 
a table is prepared during the set-up operation of the 
computer with the desired positions for each of the 
auxiliary device axes written into a table which co- 
ordinates these positions with press drive positions. 
During normal operation of the press, the computer 30 
derives intermediate position values for the servo-drive 
amplifier signals based upon the table values. 

In order to complete each of the servo loops with 
the drive motors 32 to 37, an axis position sensor is 
associated with each of the servo-drive motors, and these 
axis position sensors continuously feed back position 
information for the servo drives to the computer 30. The 
computer compares the calculated axis positions derived 
from the press position tables with the actual axis 
positions to continuously update the servo-drive amplifier 
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input signals. 

The computer 30 is operable to activate the opening 
and closing of the jaw cylinders associated with the 
loader and unloader mechanisms. The jaw cylinders, 
illustrated jointly as 45, are each activatable by an 
appropriate signal at the desired point in the press drive 
cycle. The computer 30 also receives conventional supply 
voltages from power supplies 41, and interacts on a bus 42 
with a control panel -43. The control panel includes 
means for entering desired axis positions into the com- 
puter, and displays for indicating positions of devices 
and of the press drive during operation. Illustrative 
flow charts for representative operations of the computer 
30 shall be discussed in more detail hereinafter. The 
computer routines will be discussed in co-ordination with 
the computer's interr action with the sensors 38 and 39 and 
the control panel 43. In addition, an illustrative 
control panel 43, and the functions of the component parts 
thereof, shall also be discussed in more detail. ... 

Returning to Figures 1 to 6, the mechanical 
operation of the auxiliary apparatus for the press 11 will 
be discussed in further detail. In the mechanical 
illustrations of the transfer mechanisms of Figure 1 to 6 , 
the servo-drive motors 32 to 37 are shown together with 
their mechanial couplings to the transfer mechanism. The 
various position sensors for feeding back motor shaft 
position to the computer and the servo-drive amplifiers 
coupling drive voltages to the servo-drive motors are not 
shown. Nor are the computer 30 or control panel 43 
shown In the Figures 1 to 6 . In the exemplary embodiment, 
one computer and associated amplifiers, press drive 
position sensor, etc. are associated with each press such 
as 11 or 12. With initial reference to Figures 1 and 2, 
the unloader arrangement 22 includes a pair of jaws 46 
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actuable to be opened and closed by an air cylinder 47. 
The jaws 46 and the air cylinder 47 are mounted at the 
lower end of an arm 48, the upper end of which is attached 
to the bottom of a post 49. The arm 48 and jaws 46 on 
the post 49 are driven vertically by a vertical axis servo 
motor 51 relative to a support bracket 52. 

In order to move the jaws 46 and arm 48 horizon- 
tally, the post 49 is 'received in a post container mounted 
on a trolley 53 which is movable on tracks 54 on the base 
of the support bracket 52. A- horizontal axis servo drive 
motor 56 mounted on the bracket 52 drives the trolley 53 
by means of a chain drive arrangement, which shall be 
described hereinafter". The post 49, which extends above 
the trolley 53, is free in its horizontal travel to pass 
through an opening in a bracket support 57 so that the 
pair of jaws 46 may be. moved into and out of the working 
area of the press 11. The support 57 is slidably mounted 
on the side frame of the press 11 and is, prior to the 
operation of the unloader 22, adjustable by a height 
adjustment 58. Adjusting the height of the support 57 
adjust the vertical height of the support bracket 52 in 
order to position the jaws 46 at the proper height for a 
particular press set up. 

The loader apparatus 21 is substantially mechanically 
identical to the unloader 22, and therefore shall not be 
described in detail. Like the unloader 22, the loader 21 
is operable to move a pair of jaws in the x (horizontal) 
and z (vertical) directions . Together the axes of the 
loader 21 and the unloader 22 comprise four of the six 
axes controlled by the computer 30 associated with the 
press 11. The fifth axis is the drive for the conveyor 
23 at the output of the press 11, which also serves as the 
input conveyor for the press 12. A conveyor motor 59 
drives the conveyor 23 through a drive mchanism 61. The 
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conveyor 23 includes flights 62 and 63 of opposite contours 
for receiving the workpieces W as formed by the press 11. 

The turnover mechanism 24 inverts the workpieces W 
so that they are re-oriented and transferred from the 
type of flight 63 to flight 62, properly positioned to be 
received into the press 12. The sixth axis controlled 
by the computer 30. is the turnover mechanism drive com- 
prising a turnover drive motor 64 driving the turnover 
mechanism through a gear box 66. The mechanism • for a 
suitable turnover device is shown in U.S. Patent 3,342,125. 
In the present instance, the angular position of the motor 
drive axis is monitored by an axis position sensor and 
coupled to the computer 30, and the motor is a servo-drive 
motor responsive to a servo signal provided by the 
computer 30 . 

A typical unloader 22, which as mentioned previously 
is substantially mechanically identical to a typical loader 
such as 21, shall now be described in further detail. With 
particular reference to Figures 3 to 6, the post 49 
carrying the jaw arm 48 is received for vertical movement 
in a post container 71. The post 49 is positioned in the 
post container 71 by a group of lower rollers 72 and a 
group of upper rollers 73. In order to drive the post 49 
vertically relative to the post container 72, a vertical 
rack 74 is attached along one side of the post. The ver- 
tical motor 51 drives a spline shaft 76 to effect the 
raising the lowering of the post 49. The spline shaft 76 
rotatably drives a clutch assembly 77 which is slidably 
mounted on the spline shaft for horizontal translation 
relative thereto. Rotation of the spline shaft 76 
rotates the clutch assembly 77 and. a gear 78 carried there- 
on which engages the rack 74. Rotation of the gear 78 
raises and lowers the rack 74 and the attached post 49. 
The spline shaft 76 is rotatably mounted In the fixed 
frame 52. The spline shaft 76 Is rotatably mounted at 
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one end in a bearing 79 and at the other end is rotatably 
mounted in a bearing arrangement 81 and driven by a gear 
82, which is a portion of a gear reduction assembly also 
including gears 83 and 84. The gear 84 is rotatably 
driven by the vertical motor 51 through a clutch 86. 

The post 49, post housing 71, clutch assembly 77, 
and roller assemblies 72 and 73 are free to move 
horizontally as driven by the horizontal motor 56. The 
horizontal motor 56 drives a sprocket 87 through a clutch 
assembly 88. The sprocket 87 drives a chin 89, joined at 
its ends by a T-shaped bar 91 having a stem portion 92 
attached to the post container 71. The sprocket 87 is 
rotatably mounted on a shaft 93 which is fixed on the 
stationary bracket 52. The other end of the chain is 
mounted on a sprocket rotatably mounted on a shaft 94 
which is likewise fixed to the bracket 52. As the chain 
89 is rotated by the horizontal motor 56, the link 91 and 
attached post container 71, carrying the vertically 
movable post 49, are translated horizontally. The lower 
portion of the post container 71 forms the trolley 53 
which carries roller assemblies 96 and 97 which run on 
rails 54 for horizontal movement of the post container 71. 

As can be seen, the combined horizontal and 
vertical motion imparted to the post 49 permits two- 
dimensional manoeuvreability of the unloader arm 48 
carrying the jaws 46. By suitably programming the 
operation of the horizontal motor 56 and the vertical 
motor 51 the two axes of the unloader 22 may be con- 
trolled to co-operate with a particular press operation 
to remove formed work pieces from the press 11. As 
indicated previously, the corresponding two axes for the 
loader 21 may be similarly controlled as may the conveyor 
motor 59 and the turnover apparatus motor 64. In 
addition the "open-close" command signals for the air 
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cylinders operating the jaws, for the loader and unloader 
are provided by the computer at the programmed press drive 
positions . 

Referring now to Figure 7, an exemplary control 
panel 43 for entering and displaying transfer mechanism 
control information to and from the computer 30 shall be 
described in detail. The various controls and indicators 
on the control panel are primarily used for the entry of 
axis position information to the computer 30 and for dis- 
play of position information for the various axes, such as 
during operation of the press and transfer mechanisms. 
Following the description of the control panel 43, 
exemplary data entry and operation flow charts for the 
computer 30 shall be discussed, with reference to the 
control panel as discussed hereinbelow. . 

Across the top of the control panel 43 are six 
warning lights . A data error light 101 indicates that 
invalid or out-of- tolerance data, such as an impossible 
unloader x axis position, has been entered'. A data ready 
light indicates the completion of processing of entered 
data, such as processing axis data into tabular form for 
subsequent operation of the press control system. An 
excess error light .indicates that one of the devices 
associated with one of the six axes has fallen outside 
of its tolerance limit of path error during press operation. 

A device in position light indicates when a device 
is in its synchronised or retracted position. A safety 
limit light 106 indicates that one of the devices on a 
controlled axis has reached a safety limit position during 
operation. A press out of position light 107 indicates 
that the press and the controlled devices are out of syn- 
chonization with one another. 

Below the row of indicator lights are a group of 
data entry and display devices for entering transfer device 
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axis positions relative to press angular positions. 
Included among the controls and displays are thumbwheel 
arrangements 108 for press position, 113 for motion and 
skew, and 111 for device position. The. device position 
thumbwheels are operable to set positions for a selected 
one of the six axes of controlled devices. Typically, 
one set of axis positions for a press cycle is entered, 
.and then the next set, until all six axes have been 
entered. 

Associated with each of the thumbwheel arrangements 
are displays including a display 109 for press position, 
motion/skew display 114, and device position display 112. 
As illustrated, a series of points such as for the x axis 
of the unloader 22 (Figures 1 to 6) are being entered 
relative to angular press positions corresponding to each 
point. The motion/skew control and indication is for the 
type of motion to move from one point to another. 

For example, the previously entered device position 
information is shown in the displays 109, 114 and 112. 
The press position display 109 indicates that the previous- 
ly entered device position was at a press position of 187°, 
(with 0° corresponding to top dead centre for the press 
drive) . The display 112 indicates a device position such 
as 13 . 159 inches from a rest or home position for the 
unloader in the x direction. The type of motion used to 
reach this position is indicated as skewed; that is, 
having different velocities at the beginning and end of 
the path travelled. The type of skew is indicated as 
beginning skew, meaning that the device is programmed to 
move more rapidly at the beginning of travel than at the 
end. 

The next point to be programmed is at 50° of press 
rotation as indicated by the thumbwheel arrangement 108, 
and the position as selected on the thumbwheels 111 is 
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48 inches. The type of motion is again skewed with a 
beginning skew as shown in the thumbwheel arrangement 113. 
A device position on/ off switch for the thumbwheels in 
the "on" position allows the thumbwheels to be used for 
entering motion path input data. A data input recep- 
tacle 117 allows the use of a peripheral device such as 
a cassette or paper tape reader to be used for loading ' 
the motion paths for the axes without entering individual 
points through the thumbwheels. 

In a function/operation section of the control 
panel, the lower portion thereof, there is included a 
device select switch 118 which selects the transfer device 
for which data is to be entered or displayed. A function 
select switch 119 co-operates with the device select 
switch to determine a particular axis for which data is 
to be entered or displayed. On the function select 
switch, the horizontal setting selects the horizontal axis 
of a device selected by the device select switch 118. 
This setting is operable in both the set up and data 
display modes of operation for entering or displaying 
motion data for the selected axis. The vertical setting 
for the switch 119 is similar to the horizontal position 
except it is concerned with the vertical axis of the 
loader or unloader. Th£ lifter up setting calls for a 
"lifter up" condition for the press, which would be 
entered by setting the press position thumbwheels 108 
when the switch 119 is in the lifter up position. 
Similarly, the jaw open and jaw close positions are set 
by the thumbwheels 108 for particular press angular 
positions for the device selected by the device select 
switch 118. 

The home position for the switch 119 causes the 
horizontal or rotary function of the selected axis device 
to perform a seeking movement to its home position. The 
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other home (vert) switch setting causes the vertical axis 
of the selected device to move ot is home position. The 
data read setting of the switch 119 permits the loading 
of a motion path profile from a peripheral device such as 
a tape or casette reader through the input receptacle 117. 
The data write position permits writing the contents of 
the motion path co-ordinates from the computer onto a 
peripheral device such as cassette or tape. 

A clear data pushbutton 121 clears the current con- 
tents of input data and motion path profile information 
for the device selected by the switch 118. This push- 
button 121 is active when the mode switch 122 is in the 
set up mode. In the press test mode, the switch 122 
permits operation of the individual press and its devices 
separate from the press line. In the device test mode, 
the device motion path may be executed for selected 
devices without operation of the press. The set up mode 
is used for jogging a selected device or entering motion 
path data for that device. The data display setting for 
the switch 122 operates in conjunction with the device 
select switch 118 to cause the current input data for the 
selected device function to be displayed by the press 
position display 119, motion/skew display 114 and device 
position display 112. The enter/ display data pushbutton 
123 Is used to effect the entry of data for the execution 
of a selected axis function. When the switch 122 Is in 
the data display mode, pushing the button 123 places the 
current data in the displays 109, 114 and 112. 

A three position retract/position switch 124 permits 
the selected device to be retracted to its home position 
or moved to the synchronized path position. The action 
is initiated by a pushbutton 126. A feedrate override 
switch 127 controls the rate of motion of the transfer 
devices along their synchronized paths when in the device 
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test mode as selected by switch 122. The feed rate percen- 
tages vary from 0 to 100%, with 100% being the rated 
device speed. The pushbutton 128 activates power to all 
axes of the control devices . A load data pushbutton 129 
initiates the set up computations of a motion path profile 
to be placed in a table for the selected device. An emer- 
gency stop switch 131 stops the press and all devices and 
removes power from all axes . 

Typically, to enter the necessary axis position 
information through the control panel 43 for the computer 
30, a few desired transfer mechanism positions are entered 
with corresponding press cycle positions. Each of the 
six axes of position information is separately entered. 
Thus, for example, it might be desired to have the jaws of 
the unloader mechanism inside the working area of the press 
at a press position of 270°, at a position for loading a 
workpiece onto the output conveyor at 10°, and dwelling in 
a retracted position from 50° to 270°. The x axis 
positions for the unloader device in combination with the 
corresponding press positions are then entered through 
the control panel 43. Additionally, the type of motion 
and skew, if any, for arriving at each device position is 
entered. After all of the x axis position information is 
entered, the data is loaded to form a motion table for the 
x axis of the unloader. Then a similar sequence is 
followed for entering the vertical axis position infor- 
mation, which is then also loaded into the computer 30. 
The points in the press cycle at which the jaws are to be 
opened and closed are also entered through the control 
panel 43. Similarly, the loader positions, conveyor 
positions, turnover device positions, and lifter up command 
signal are entered through the control pane for the 
appropriate press positions. 

The operation of the computer 30 in co-ordination 
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with the control panel 43 for loading and processing device 
position information shall now be described in conjunction 
with exemplary flow charts. With initial reference to 
Figure 8, at the start of the procedure for loading data, 
either the thumbwheels may be used for manual entry of 
device position information as indicated in the left branch 
of Figure 8, or the data may be directly read, such as 
from a cassette or paper tape as represented by the right 
branch. If data is to be coupled directly through the 
control panel to the computer such as from a cassette, the 
input is made through the receptacle 117 (Figure 7) and 
the tabular data, to be described in more detail herein- 
after, is directly read from the cassette. At such time 
the function select switch 119 is set to the data read 
setting . 

For the manual entry of data, each function such as 
the horizontal or vertical axis of the unloader; as set by 
the switch 119, for each device as set by the switch 118, 
is set and the clear data button 121 pushed to clear all 
of the data from an. input data table and a motion path 
table, forming a portion of the internal computer memory. 
The input data table contains the specific points with 
their corresponding press positions for the various axes of 
the various devices which are entered through the thumb- 
wheels on the control panel 43. After these values are 
entered, the load data button 129 is depressed and the 
motion path table is derived from the input data table 
values for each axis. Subsequently, the positions of 
the devices with the corresponding press positions may be 
displayed, a device test sequence may be executed, and the 
press subsequently run, in conjunction with the controlled 
devices . The loaded data may also be punched onto a 
paper tape through a connection at the data input/output 
receptable 117 with the function select switch in the 
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data read position. 

The form of the input data table is shown in 
Figure 9, such as for either of the horizontal or vertical 
axes of the loader or unloader. The tables for the con- 
veyor and turnover device are similar, and simplified 
tables showing the press angle for activation of the jaws 
of the loader and unloader and of a lifter are provided.- 
The data to be entered in the input data table is 
an arrangement of position locations for an axis of a 
device indentified by press angles. Typically, several 
desired locations for each one of the devices such as the 
unloader are selected. These might be, for the unloader, 
a position inside the press after a press operation, a 
position for depositing the workpiece on the conveyor, and 
a dwell position away from the conveyor and press during 
a press operation. A horizontal and a vertical position 
relative to a rest or zero position would be provided for 
each of these desired points for the unloader. If the 
table of Figure 9 were for the x axis of the unloader, the 
discrete desired x axis positions would each be identified 
by a line in the table. In that row of Information, the 
angle is the press angle, the position is the x axis 
horizontal position for the unloader, the motion column 
entry is for the type of motion used to arrive at that 
position, and the skew column contains the type of skew, 
if any, of the motion in arriving at that position. Iri 
order to enter each line of information, the device select 
switch 118 and the function select switch 119 of the 
control panel 43 are placed at each of the different axis 
positions and the information for each point for that 
axis entered on the thumbwheels 108, 111 and 113. When 
the desired line of information for the selected device is 
on the thumbwheels, the enter/display data button 123 Is 
depressed to enter the data into the input data table. 
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As indicated in the flow chart of Figure 8, after 
all of the desired data has been entered into the input 
data table, the load data button 129 is depressed to 
actuate the computer to process the lines of data in the 
input data tables into a 500 line motion path table. In 
order to do this, the computer executes a load data sub- 
routine associated with each of the axes. 

As shown in Figure 10, when the load data button 
is depressed, the computer checks the settings of the 
device and function select switches to determine for which 
axis input data is to be processed into the motion path 
table. The computer then selects the appropriate tables 
and table sections, from the various axes of input data 
tables and the appropriate portion of the motion path 
table. For example, if the horizontal axis of the un- 
loader has been selected when the load data button is 
depressed, the steps followed by the computer are as shown 
in Figure 13. The angle table column, position table 
column, motion and skew table columns from the unloader 
vertical axis input data table are placed in an operable 
position for use by the computer in executing a load 
routine. Similarly, the portion of the motion path table 
for the unloader vertical axis device is accessed for 
entering the calculated vertical motion values . 

Figure 17 illustrates the motion path table, wherein 
one press cycle is divided into 500 equally spaced press 
positions. A position value for each of the six axes is 
calculated through each of the load routines to provide 
a location for each device axis corresponding to each of 
the 500 press positions. 

The load routine for each axis is illustrated in 
Figure 18. This load routine is entered from each of the 
subroutines of Figures 11 to 16 . When entering the load 
routine, the computer first clears a done flag and begins 



0047056 



- 19 - 

by setting the first position identifier N equal to zero. 
Taking, for example, moving to the load routine of Fig. 18 
from the unloader vertical axis routine of Figure 1.3, the 
computer first selects the first, or 0, press position 
angle from the unloader vertical angle table. The com- 
puter then also reads the corresponding device position 
for this angle. 

Since the motion and skew associated with the first 
press angle and device axis position are concerned with 
the motion and skew for arriving at- that position, the 
computer then increments to the next, N plus 1, line on 
the vertical unloader table. The computer then reads the 
second press position angle from the unloader vertical 
position table. It will be recalled from Fig. 8, that 
when data is cleared, the input data table and the motion 
path table are cleared. When the input data table is 
cleared, all of the values in the different locations are 
set to negative numbers. Therefore, in the next step in 
Fig. 18, the computer determines if the next press position 
angle in less than 0. If it is, then N is set equal to 
0 and the done flag is set. In the present example, for 
the moment, we will presume .that the press position is not 
a negative number. Then the computer reads out a new 
device position corresponding to the just-read press 
position. 

At this point, the latest-read press and device 
positions are designated position 1. The previously read 
press and device positions are read as positions 0. The 
motion and skew information to be utilized is that motion 
and skew associated with the press and device positions 1. 
The computer then determines which type of motion, has 
been called for, dwell, normal or skewed. If none of these 
types of motion are called for, the computer exits from 
the routine because there has been an error. If one of 
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the three types of motion has been read from the motion/ 
shew table, the appropriate subroutine, to be described 
hereinafter is executed. In these subroutines, the actual 
unloader vertical values for the motion table are cal- 
culated. 

After a particular subroutine is executed, the 
computer determines if the done flag has been set. If 
it has, the load routine is finished and the computer exits 
from the routine. If the done flag is not set the computer 
returns to the beginning of the routine to read the next 
press and device positions. 

In ofder to set the done flag, the incremented, 
N plus 1, press position must be read as being a negative 
number; that is, meaning that there is no further position 
information to be obtained from the table. If this is the 
case, N is reset o 0 and the done flag is set. As can be 
seen from the flow chart, the computer returns to the 
first press and device positions, positions 0, which remain 
the same as originally, and the press, device, and motion/ 
skew values are now those of the initial entry in the 
input data table. This is necessary since the end point 
of the cycle of positions for a device axis is the same as 
the beginning point. Figures 19, 10 and 21 show the 
dwell, normal and skewed motion subroutines, respectively. 

In executing the dwell subroutine, illustrated in 
Fig. 19, the computer determines a press position line of 
the motion path table, 0 to 499, corresponding to the 
first press position, press position 0 from the load 
routine. This Is a matter of converting from the 
notation of 360° for one press drive rotation to 500 equal 
segments per rotation as used in the motion path table of 
Fig. 17. Next, the computer places the initial device 
position, device position 0 from the load routine, in the 
motion path table on the line of the table corresponding 
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to press position 0 as translated to f ive-hundredths of 
a press cycle from the previous step. 

The computer then increments to the next line in 
the motion path table and checks to see if this position 
is beyond the end position for the dwell segment. The 
press position 1, the second press position from the load 
routine Fig. 18, as converted from degress to the appro- 
priate motion path table line, is the end of the dwell 
segment. If the line reached in the table is beyond the 
end of the dwell segment, the computer returns to the load 
routine. If the line reached in the motion path table is 
not beyond the end of the dwell segment, the computer 
returns to write the same device position in this next 
line on the motion path table. 

In Fig. 20, the normal motion subroutine is illus- 
trated. In this case, the beginning press position in the 
motion path table is selected as before. The computer 
then determines a press motion increment, which is the 
difference between the start and end positions, position 
1 minus position 0 from Fig. 18. Similarly, a device 
motion increment is determined by subtracting the end 
point positions, device position 1 minus device position 0. 
Based upon the press angle increment and the device 
position change increment, the computer calculates the 
coefficients for a three- four-five polynomial equation to 
plot the motion of the particular device axis over the 
interval . 

While various motions are possible in moving over 
the interval, the polynomial equation selected is based 
upon cam design principles, with the form being as follows: 

y =a-bx 3 +cx^- dx 5 
Such cam design equations may be found discussed in various 
texts such as Cams by Harold A. Rothbart, John Wiley 
& Sons, 1956. 
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After the coefficients for a polynomial equation 
are calculated based upon the entire interval, the 
polynomial is evaluated for the first press position and 
the calculated device position is placed in the appro- 
priate column of the motion path table on the line for the 
corresponding press position. The press position is then 
incremented by one. If this .press position is greater 
than the press position, at the end of the motion segment, 
press position 1 from Fig. 18, then the computer returns 
to the load routine. Otherwise, the polynomial is 
evaluated for the next press position and the device 
position inserted in the table. 

The skewed polynomial subroutine of Fig. 21 shall 
not be described in detail since it is substantially the 
same as the normal polynomial subroutine of Fig. 20 except 
that the polynomial equation differs from the motion 
equation of the normal subroutine. For the skewed motion, 
a beginning skew or an ending skew is determined based 
upon the information from the input data table for the 
motion interval. The skewed equation results in either 
faster motion at the beginning of the interval or faster 
motion at the end of the interval for the particular device 
axis involved. 

Once the load routine of Fig. 18 has been executed, 
including all of its various subroutines , for each of the 
six axes, the motion path table of Fig. 17 is completed. 
In addition, in another memory location, the jaw open and 
close commands and the lifter commands are stored with 
an associated press position. When the press and control 
are tested, the computer steps through the press positions, 
0 to 499, and acts through the previously described servo 
loops to maintain each of the six device axes at the 
tabular positions . 

In the illustrated system, the commands to the servo 
amplifiers are updated as folloxcs . The press is presumed 
to operate at a basic rate of 16 strokes per minute. The 
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basic clock rate for the computer is set to have an inter- 
val between clock pulses of 1.5 milliseconds. The press 
position sensor provides 10,000 counts per press cycle. 
As illustrated above, the motion path table contains 500 
blocks, or lines, of position information for each press 
cycle. 

The above parameters result in there being 20 press 
feedback counts per line of the motion path table. This 
also means that there are four press feedback counts per 
clock cycle of the computer. Thus there are five clock 
cycles per block or line of the motion path table. 

At each computer clock pulse, the counts from the 
press position feedback are checked by the computer. With 
the press operating at the basic 16 strokes per minute 
rate, there will be the basic four counts per clock cycle. 
Five of these clock cycles will occur each block, or line 
of the motion path table. An interpolation routine is 
performed to obtain desired axis locations at each of 
these clock cycles, the interpolation occurring between 
the lines of the motion path table. Through the inter- 
polation, the computer is able to issue servo commands for 
each axis 5 times per block of data in the motion path 
table. An acceptable system of interpolation, as well as 
general techniques of device axis numerical control, is 
illustrated in U.S. Patents 3,941,987 and 3,941,988, 
commonly assigned with the present application. 

While the significant aspect of the actual gener- 
ation of servo control signals is that the tabular values 
for the axes corresponding to the press positions are 
continuously utilized to control the device axes, the 
exact servo update routine is crucial. It should also be 
noted that using the illustrated system, in addition to 
the typical numerical control operations, the clock rate 
for the computer is adjusted, within a certain range, 
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dependent upon the number of press feed-back counts 
received between clock pulses. In other words, the 
basic clock rate corresponding to 1.5 milliseconds between 
pulses will be speeded up if the press is operating faster 
than 16 strokes per minute, and the clock will be slowed 
if the press is slower than the basic strokes per minute. 
Thus, the system attempts to maintain the four press 
feed-back counts per clock cycle synchronization. If the 
press slows or speeds up beyond a pre-set limit, the number 
of counts from the press feed-back line per clock cycle 
are shifted, such as to either 2 or 5 counts per clock 
cycle. Further variation of the press speed operates to 
terminate operation of the press and/or the control axis 
devices . 

In the exemplary system, the transfer mechanism axes 
associated with a particular press are controlled in 
accordance with the angular position of the press drive. 
In- a synchronized press line system, with the press drives 
synchronized with one another, this results in total syn- 
chronization of the entire press line system with 
associated transfer mechanisms. The exact distribution 
of discrete computers for executing the control functions 
for transfer mechanisms is not critical, and the computing 
power for controlling the transfer mechanisms of two 
presses, for example, could be incorporated in a single 
control computer arrangement. 
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CLAIMS 

1. A power press arrangement comprising a power press 
(11,12) having a slide (17), a press drive for driving the 
slide (17) , a working area, a workpiece displacing 
mechanism (21,22) having a control unit (32 to 37) and an 
element (45) for moving a xvorkpiece (W) relative to the 
working area of the press in response to operation of the 
control unit (32 to 37), a first monitor (88) for 
monitoring the position of the press drive and its 
associated slide (17), and a second monitor (39) for 
monitoring the motion of the element (45) ,. 
characterised by a memory for storing data correlating 
desired positions for the element (45) with different 
positions of the press drive and its associated slide (17) , 
a calculator for deriving with the aid of the data stored 
in the memory theoretical motion parameters for the 
element (45) from press position information derived from 
the first monitor, and a comparator for comparing the 
theoretical motion derived by the calculator with the 
motion monitored by the second monitor and causing the 
control unit (32 to 37) to move the element in dependence 
upon the results produced by the comparator. 

2. An arrangement according to claim 1, characterised 
by a receiver for receiving discrete position data for 
the element (45) correlated with discrete press drive 
positions, the number of discrete positions being less 
than those stored in the memory and a processing unit for 
deriving intermediate positions of the element for 
entering into the memory between said discrete positions. 
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3. An arrangement according to claim 1 or to claim 2, 
characterised in that the element (45) is a pair of 
gripping j aws . 

4. An arrangement according to any preceeding claim, 
characterised in that the mechanism (21,22) has a 
carrier (53) supporting the element (45) for vertical 
movement and in that the carrier (53) is, in turn, mounted 
for horizontal movement on a support element (54) secured 
to a stationary portion (52) of the power press. 

5 . An arrangement according to any preceding claim, 
characterised in that the horizontal and vertical motions 
of the element (45) are separately monitored by the second 
monitor (39), separately stored in the- memory, separately 
derived by the calculator, separately compared by the 
comparator, and separately controlled by the control 
unit (32 to 37) . 

6. A press line for performing a series of press 
operations on a workpiece, including a series of power 
press arrangements each according to any preceding claim, 
characterised by a co-ordinator for co-ordinating the 
motion of the elements of different power press arrange- 
ments in the power press line. 

7. A power press line according to claim 6, wherein the 
co-ordinator includes a synchronising circuit for 
synchronising each of the power press drives . 

8. A method of synchronising the operation of auxiliary 
apparatus including loaders (21) , unloaders (22) and 
conveyors (20,23,26) with each of the press drives of a 
line of successive power presses characterised by the 
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steps of deriving a set of auxiliary apparatus position 
values for a cycle of a press drive, driving the press, 
continuously determining the position of the press drive, 
correlating the measured press drive positions with the 
derived auxiliary apparatus positions continuously to 
determine theoretical auxiliary apparatus positions, 
continuously monitoring the position of the auxiliary 
apparatus and displacing the auxiliary apparatus in said 
theoretical positions based upon the deviation between 
theoretical and actual auxiliary apparatus position values. 

9. A method according to claim 8, characterised by the 
steps of entering several discrete position locations 
corresponding to said auxiliary apparatus positions at 
specific points during a press drive cycle, deriving a 
larger table of points for positions of the auxiliary 
apparatus in correspondence to press drive positions to 
form a table of auxiliary apparatus values, driving the 
press, and positioning the auxiliary apparatus based upon 
said table of values during each cycle of press drive 
operation. 

10. A press line for performing a series of press 
operations on a workpiece including a series of power 
presses each having an individual press drive, slide and 
working area, and conveyors extending between the working 
areas of adjacent presses, characterised by a conveyor 
control arrangement for a conveyor (20,23,26) associated 
with each power press comprising a first monitor (38) for 
monitoring the position of the press drive of one of the 
presses and its associated slide, a second monitor (39) 
monitoring the position of the conveyor drive, a memory 
for stored data correlating desired positions for the 
conveyor with positions of the press drive, and its 
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associated slide, a calculator for deriving theoretical 
motion parameters for the conveyor from press position 
information monitored by the first monitor and the data 
of the memory, a comparator for comparing the theoretical 
motion derived by the calculator with the motion monitored 
by the second monitor (39) , and a control unit for con- 
trolling the motion of the conveyor drive based upon the 
results of the comparisons by the comparator. 

11. A press line for performing a series of press 
operations on a workpiece (20) , including a series of power ■ 
presses each having an individual press drive, press 

slide (17) and working area, and each power press having 
an associated plurality of elements (45) each having con- 
trolled motion in mechanisms (21 , 22) for moving a work- 
piece (W) relative to the working area of the press , 
characterised by a numerical control arrangement including 
a control for controlling the motion of each of the 
elements (45) associated with a particular power press in 
synchronization with the motion of that press according 
to a memory for stored data correlating desired positions 
for each of the elements (45) with positions of the 
associated press drive and slide (17) and a co-ordinator 
for co-ordinating the motion of the elements (45) of 
different power presses in the power press line. 

12. A line according to claim 11, characterised by a 
synchronisation circuit for synchronising each of the 
power press drives. 

13. A method of synchronising the operation of auxiliary 
apparatus such as loaders (21) , unloaders and conveyors 
(22) with the press drives of each press of a line of 
power pressed characterised by the steps of entering 
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several discrete position locations corresponding to 
auxiliary equipment positions at specific points during 
a press drive cycle, deriving a larger table of points 
for position of the auxiliary equipment in correspondence 
to press drive positions to form a table of auxiliary 
equipment values, driving the press, and positioning the 
auxiliary equipment based upon said table of values during 
each cycle of press drive operation. 

14. A press line for performing a series of press 
operations on a workpiece (W) including a series of power 
presses each having an individual press drive, slide (17) 
and working area, characterised by a transfer mechanism 
arrangement comprising a plurality of elements (45) each 
having controlled motion in a mechanism (21,22) for moving 
a workpiece (W) relative to the working areas of the 
presses, a first monitor (38) for monitoring parameters 
indicative of the press drive positions, a second 
monitor (39) for monitoring the motion of each of the 
elements (45) , a memory for storing data correlating 
desired positions for each of the elements (45) with the 
press drive position parameters, a calculator for deriving 
theoretical motion parameters for each of the elements (45) 
from the press position parameters of the first monitor 
(38) and the data of the memory, a comparator for comparing 
the theroetical motion derived by the calculator with the 
motion monitored by the second monitor (39) and a control 
unit for controlling the motion of each of the elements 
(45) based upon the results of the comparison by the 
comparator. 
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© Power press arrangement. 



©A power press arrangement including a series of power 
presses (11) operating synchronously with intervening load- 
er (21). unloader (22) and conveyor mechanisms (23). The 
various intervening mechanisms are controlled in synchron- 
ism with the presses (1 1 ) in the press line through numerical 
control systems which are co-ordinated with press slide 
positions. For the loader and unloader mechanism (21 and 
22), for each axis thereof, a discrete number of desired 
position locations are loaded into an associated press control 
memory, and the data is processed into a derived motion 
table for each loader and unloader axis and followed to effect 
axis motion in co-ordination with press slide position. During 

Q, operation of each press, the associated control system 
continuously derives motion control parameters for the 
loader and unloader axes based upon the tabular values. 

•J* Other peripheral devices such as conveyors and turnover 
mechanisms are also operated by the control systems. 
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